Background
==========

Oxaliplatin is a crucial chemotherapy drug that plays an important role in colorectal cancer and oral cancer treatment. However, the molecular mechanism of oxaliplatin in killing tongue squamous cancer cells is still unknown \[[@b1-medscimonit-21-3089],[@b2-medscimonit-21-3089]\]. Previous studies demonstrated that oxaliplatin could kill cancer cells through induction of apoptosis of tongue squamous cells \[[@b1-medscimonit-21-3089],[@b2-medscimonit-21-3089]\]. However, the mechanism by which oxaliplatin exert its function on the induction of apoptosis is still unknown as is the molecule involved in this process.

The main target of oxaliplatin is protein kinase, such as Ras, Raf, and receptor-interacting protein kinase 1 (RIP1), which is an important protein kinase in apoptosis \[[@b3-medscimonit-21-3089]\], necroptosis \[[@b4-medscimonit-21-3089]\], autophagy \[[@b5-medscimonit-21-3089]\], and NF-κB signaling pathway \[[@b6-medscimonit-21-3089]\]. Research has shown that knockdown RIP1 level can enhance oxaliplatin-induced apoptosis of oral cancer cell KB \[[@b6-medscimonit-21-3089]\] and gastric cancer cells \[[@b7-medscimonit-21-3089]\]. Further studies showed that RIP1 could activate caspase, leading to caspase-dependent apoptosis \[[@b3-medscimonit-21-3089],[@b6-medscimonit-21-3089]\]. However, the molecular mechanism of oxaliplatin in killing tongue squamous cell cancer is still unknown. This study investigated the mechanism of oxaliplatin in regulating tongue squamous cell carcinoma Tca8113 survival and death.

Material and Methods
====================

Reagents
--------

We purchased 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT), Escort™ Transfection Reagent, and RIP1 primary antibody from Sigma. Tetramethylrhodamine ethylester (TMRE), FITC-Annexin-V, caspase-3, and caspase-8 activity detection kits were bought from Beyotime Biotechnology Co., LTD (Haimen, China). RIP1 siRNA was designed and synthesized by Genepharma (Shanghai, China). The sequence was: RIP1 siRNA 5′-GGGATTTTCCGGGAATTT-3′, negative control 5′-AAATATTCCGAATAATTT-3′. DMEM medium and fetal bovine serum were from Dingguo Biological Technology Co., LTD (Beijing, China).

Cell culture
------------

Tongue squamous cell carcinoma Tca8113 was bought from the American Type Culture collection (ATCC). The cells were maintained in DMEM medium (containing 10% FBS, 100 U/ml penicillin, and 100 μg/ml streptomycin) at 37°C and 5% CO~2~. Cells in different groups were treated by 1 μmol/L oxaliplatin or DMSO for 24 h.

Transfection
------------

RIP1 siRNA at 50 nM was mixed with transfection reagent at room temperature for 20 min, then they were added to the cells and incubated for 24 h for the following experiments \[[@b8-medscimonit-21-3089]\].

MTT assay
---------

Cell survival and growth was determined by MTT method \[[@b9-medscimonit-21-3089]\]. Cells at 10 000 cells/well in 96-well plate were cultured for 24 h, and then MTT solution was added to each well and cultured at 37°C and 5% CO~2~ for 4 h. After adding 160 μl DMSO for 8 min, the absorbance (OD) value of each well was detected by microplate reader at a wavelength of 490 nm to calculate the cell proliferation rate.

Flow cytometry
--------------

TMRE and FITC-Annexin-V were used to detect Tca8113 cell apoptosis \[[@b10-medscimonit-21-3089],[@b11-medscimonit-21-3089]\]. We resuspended 80 000 cells in 250 μl Annexin V-FITC binding buffer, and 5 μl Annexin V-FITC reaction liquid was added and incubated at room temperature away from light for 20 min. The cells were detected on a flow cytometry instrument with the exciting and absorbed wavelength as 488 nm and 625 nm, respectively. Mitochondrial membrane potential detection was as follows: the cells were incubated in 10 μmol/L TMRE at room temperature away from light for 20 min and measured by flow cytometry.

Western blot
------------

The cells were digested with lysis buffer as previously reported \[[@b12-medscimonit-21-3089]\]. Total protein was separated by denaturing 10% SDS -- polyacrylamide gel electrophoresis. Detection was performed with chemiluminescence and calculated with Quantity One.

Caspase-3 activity detection
----------------------------

Caspase-3 activity was tested by use of a kit, following the manual \[[@b13-medscimonit-21-3089]\]. Cell lysis was added to the cells and incubated for 10 min at 4°C. After adding the substrate for 5 min at room temperature, the plate was read on a microplate reader at 560 nm wavelength.

Statistical analysis
--------------------

All statistical analyses were performed using SPSS18.0 software (Chicago, IL). Numerical data are presented as means and standard deviation (±SD). Differences between groups were analyzed using one-way ANOVA. P\<0.05 was considered as a significant difference.

Results
=======

Oxaliplatin inhibits Tca8113 cell proliferation
-----------------------------------------------

We first tested oxaliplatin's impact on tongue squamous cell carcinoma Tca8113 cells proliferation. We used 3 different concentrations -- 0.1 μmol/L, 1 μmol/L, and 10 μmol/L -- and found no obvious apoptosis under the concentration of 0.1 μmol/L and 100% apoptosis under 10 μmol/L. Therefore, we chose the concentration of 1 μmol/L. As shown in [Figure 1](#f1-medscimonit-21-3089){ref-type="fig"}, oxaliplatin treatment significantly inhibited Tca8113 cells growth. Tca8113 cells survival rate decreased to 19.3% after 1 μmol/L oxaliplatin treatment. Oxaliplatin could restrain Tca8113 cells growth.

Oxaliplatin induces Tca8113 cell membrane potential reduction
-------------------------------------------------------------

We then detected oxaliplatin's effect on Tca8113 cell mitochondrial membrane potential. As shown in [Figure 2](#f2-medscimonit-21-3089){ref-type="fig"}, oxaliplatin treatment significantly decreased Tca8113 cells mitochondrial membrane potential by 82.3%. The results suggest that oxaliplatin may cause apoptosis in tongue squamous cancer Tca8113 cells.

Oxaliplatin induces Tca8113 cell apoptosis
------------------------------------------

As shown in [Figure 3](#f3-medscimonit-21-3089){ref-type="fig"}, oxaliplatin could cause phosphatidylserine eversion in Tca8113 cells, with the positive rate as 62.7%, revealing that oxaliplatin may cause Tca8113 cells apoptosis.

Oxaliplatin activates Caspase-3 in Tca8113 cells
------------------------------------------------

As shown in [Figure 4](#f4-medscimonit-21-3089){ref-type="fig"}, Tca8113 cells underwent caspase-3 activation under the effect of oxaliplatin, and the caspase activity increased by 2.6 times. However, under the same condition, caspase-8 was not activated. The results suggest that oxaliplatin can cause tongue squamous cancer cells Tca8113 cells apoptosis.

Oxaliplatin up-regulates RIP1 expression in Tca8113 cells
---------------------------------------------------------

Western blot was applied to detect of oxaliplatin effect on RIP1 expression in Tca8113 cells. As shown in [Figure 5](#f5-medscimonit-21-3089){ref-type="fig"}, RIP1 expression increased after oxaliplatin treatment.

Down-regulating RIP1 promotes oxaliplatin induced Tca8113 cell apoptosis
------------------------------------------------------------------------

As shown in [Figure 6](#f6-medscimonit-21-3089){ref-type="fig"}, RIP1 expression level decreased after siRNA transfection protein kinase 1 (RIP1) of siRNA, while oxaliplatin treatment further induced caspase-3 activation. The cell apoptosis rate (phosphatidylserine eversion rate) was 90.2%. The results indicate that down-regulating RIP1 could promote oxaliplatin-induced Tca8113 cells apoptosis.

Discussion
==========

Oxaliplatin is an important anti-cancer drug in clinical use \[[@b1-medscimonit-21-3089],[@b2-medscimonit-21-3089]\]. Studies have shown that the RIP1siRNA could enhance the oral cancer cell KB apoptosis induced by oxaliplatin \[[@b6-medscimonit-21-3089]\]. We investigated oxaliplatin's effect on tongue squamous cancer cell Tca8113 growth and apoptosis.

First, we investigated oxaliplatin's effect on Tca8113 survival. The results showed that oxaliplatin significantly inhibited Tca8113 cells growth, which is consistent with previous reports. Then, we studied the role of oxaliplatin in inducing Tca8113 cells apoptosis. Flow cytometry and Caspase-3 activity detection results revealed that oxaliplatin may cause Tca8113 cells mitochondrial membrane potential reduction, phosphatidylserine eversion, and Caspase-3 activation. It suggested that oxaliplatin can induce Tca8113 cell apoptosis, which is consistent with previous results \[[@b14-medscimonit-21-3089],[@b15-medscimonit-21-3089]\]. These results suggest that oxaliplatin might exert its anti-cancer effect through induction of apoptosis of Tca8113 cells, which needs to be confirmed in further *in vivo* studies. On the other hand, multiple results exhibited that Tca8113 showed more sensitivity to oxaliplatin compared with oral cancer cell KB. This may be because different cells show different sensitivity to the same chemotherapy drugs \[[@b16-medscimonit-21-3089]--[@b18-medscimonit-21-3089]\].

The main target of oxaliplatin is protein kinase, such as Ras, Raf, and receptor-interacting protein kinase 1 (RIP1). Receptor-interacting protein kinase 1 (RIP1) is an important protein kinase in apoptosis \[[@b3-medscimonit-21-3089]\], necroptosis \[[@b4-medscimonit-21-3089]\], autophagy \[[@b5-medscimonit-21-3089]\], and NF-κB signaling pathway \[[@b6-medscimonit-21-3089]\]. Research has shown that knockdown RIP1 level can enhance oxaliplatin-induced oral cancer cell KB apoptosis \[[@b6-medscimonit-21-3089]\]. Further studies showed that RIP1 could activate caspase, leading to caspase-dependent apoptosis \[[@b3-medscimonit-21-3089],[@b6-medscimonit-21-3089]\]. Therefore, in this study, we chose RIP1 as the target. We speculate that oxaliplatin might induce cell apoptosis through affecting caspase-3 activation, either directly or indirectly.

There are 2 types of apoptosis: death receptor-mediated external signaling pathway \[[@b19-medscimonit-21-3089],[@b20-medscimonit-21-3089]\] and mitochondria-mediated signaling pathway \[[@b21-medscimonit-21-3089],[@b22-medscimonit-21-3089]\]. We investigated the specific pathway during oxaliplatin-induced Tca8113 cells apoptosis. Death receptor-mediated external signaling pathway and mitochondrial-mediated internal signaling pathway induced different caspases. The former mainly causes caspase-8 activation, while the later mainly activates caspase-3/7. Our results show that oxaliplatin could activate caspase-3 but not caspase-8, revealing that oxaliplatin-induced Tca8113 cells apoptosis is mainly through the mitochondrial internal signaling pathway. This is consistent with previous research \[[@b19-medscimonit-21-3089],[@b21-medscimonit-21-3089]\]. These results were consistent with previous studies, suggesting that mitochondria-induced cell apoptosis might be another pathway for intracellular cell apoptosis.

RIP1 plays an important role in apoptosis \[[@b3-medscimonit-21-3089]\], necroptosis \[[@b4-medscimonit-21-3089]\], autophagy \[[@b5-medscimonit-21-3089]\], and NF-κB signaling pathway \[[@b6-medscimonit-21-3089]\]. RIP1 siRNA can enhance oxaliplatin-induced oral cancer cell KB apoptosis \[[@b3-medscimonit-21-3089]\]. We used RIP1 siRNA knockdown RIP1 expression in Tca8113 cells, and treated them by oxaliplatin. We found that Tca8113 cell apoptosis rate increased, suggesting that down-regulating RIP1 expression can promote Tca8113 sensitivity to oxaliplatin.

Our results suggest that further investigation of oxaliplatin should focus on the following aspects: firstly, collecting clinical tongue squamous cell carcinoma specimens in different stages and testing their apoptosis level and RIP1 expression; secondly, we could further study the target and mechanism of oxaliplatin by different oxaliplatin modifications and similar drugs; thirdly, RIP1 knockout mice could be used to verify the results obtained in the present study; and lastly, we could investigate the effect of RIP1 and oxaliplatin in inducing cancer cell apoptosis *in vivo* in a tongue squamous cell animal model.

Conclusions
===========

In conclusion, our study demonstrated that down-regulating RIP1 promotes oxaliplatin-induced Tca8113 cell apoptosis.

**Source of support:** Departmental sources

![Oxaliplatin inhibits Tca8113 cell proliferation. After treatment of Tac8113 cells by oxaliplatin, MTT assay was used to evaluate the effect of oxaliplatin on the proliferation of Tac8113 cells.](medscimonit-21-3089-g001){#f1-medscimonit-21-3089}

![Oxaliplatin induces Tca8113 cell membrane potential reduction. Tac8113 cells were treated with oxaliplatin and flow cytometry was used to evaluate the effect of oxaliplatin on the mitochondria membrane potential in Tac8113 cells.](medscimonit-21-3089-g002){#f2-medscimonit-21-3089}

![Oxaliplatin induces Tca8113 cell phosphatidylserine exposure. After treatment of Tac8113 cells by oxaliplatin, flow cytometry was used to evaluate the effect of oxaliplatin on phosphatidylserine exposure in Tac8113 cells.](medscimonit-21-3089-g003){#f3-medscimonit-21-3089}

![Oxaliplatin activates Caspase-3 in Tca8113 cells. Tac8113 cells were treated with oxaliplatin and ELISA was used to evaluate the effect of oxaliplatin on caspase-3 activation in Tac8113 cells.](medscimonit-21-3089-g004){#f4-medscimonit-21-3089}

![Oxaliplatin up-regulates RIP1 expression in Tca8113 cells. Western blot was used to evaluate the effect of oxaliplatin on the expression of RIP1 in Tca8113 cells after treatment with oxaliplatin.](medscimonit-21-3089-g005){#f5-medscimonit-21-3089}

![Down-regulating RIP1 promotes oxaliplatin-induced Tca8113 cell apoptosis. Tac8113 cells were transfected by siRNA RIP1 or siRNA control followed by treatment with oxaliplatin. Western blot was used to evaluate the effect of oxaliplatin on RIP1 expression and apoptosis of Tca8113 cells.](medscimonit-21-3089-g006){#f6-medscimonit-21-3089}
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